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sSTRACT 



mrrosiosi cmeld&g P<3S£JC!) in heat 
si wes studied, Tvm gm&m Hie 
treated S)r sfmsdMmg weidkg £bfen&al cycles, Cracks were 




mm piAZ) tor 
and Mgh graces, were 
some s 





specimens by all ibisr methods of SCXJ tesVOT fee^t slow 

(SSRT) and slmgie edg§ natci bm$ (5ISMB) m^^ds. It suggests 

specim&s can detect KSSCG as loftg m the specimen is sensif^ed sufficiesitly and -msoscssseeim severe 
Gosrosion mYiro&me&t. Thermal cycle :: £%^i&<sn$: ^c^cissg^tffee : .30i^oieiioS: -olasrifie^l b$ XJ-bead 
SGC tmt Mr th£ Imm md tegh gmde steels. Tk& results j- evealad tfe. the high grade steel has Mgher 
resist&isee to M3SGC than the lean gmde sfeel, and feat post weldixig beat treatmmt (FWHI^ is 
to py^vmt IGSCC. : Cfaommm depleted sones were confirmed on prior axsst^&ilB gram 
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Low carbon marteiasMc stafeitess steels, wkst^s &re called si^emsar^mitie stainless steels, Imve 




on 

girth w^ids W3$ 3tS MO; 



m, 

is 

post wiling heat 
only in root intact 



steels or 



with inMbitor [4-H8]. 

Mm&v&r? mm type of era^fcmg of the st^l Ms beesi mi 
[10], Tbe cracking oec&rs in th« heat mf&etad zame 

tfer stssss corrosion cra&kisig pOSGG). Lafeomtoiy 
is effective to pre^e^t 

specimen os four pomt femt ^ wfeife no cmok to dfeservofl fe root m&etiiBecf sp 

|9j, The most lifeiy meeJbssiista of &e cmoMeg was siipposad to fee s^siti2a&o% in ath&r words, 
dimmkm depletion from the results of TIM aimlysis jjl0|. Howover, more pteei&e analysis is 
respired for a clear u&de^i&Mi&g of tfe^ i^ck^iii^M. fe^service fellu^ie : ^iised 1^ same type of 
c^cJd&g lias also baen c^<^tacl [II.]. Although the analysis saiggestBcl tfetat weldfeg conditioBS affis^t 
the crackiBg, they fmve mt y®£ h&mi pm^m quaiitita^ivel^ Amsya M at. reported that tjhe cs&sk 
imtsated the chromium deplete! <m*$ed % si&&€§ oxidation dsmng weldmg [12]. However, this 
c&smot explain #e propaga^ 

fe .ibis asmtexV we studied efifeots of weldfeg feesmal cycle co^ffitkms : : 06-'$tt^ia^i^ behwioi 
by HAZ sinMi&ticm. We also tried more precise asiaiysis to i^esfig&fe diromium distnhutiesx around 
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cycles 



by l 



■-Si — - -wvrs 



wm 4mm thick m& I Smm wide for O- 
SC?C tests ®r llissm ffeipk 11mm wi^a 
l^nt (SSHB) SSC tests. 

The thermal cycles basically eoamisted of pae tp tee tol passes. Hie Mmt pass was heated to 
900 or I for i s. The cjo^is&ns of the s^eond pass were varied k &s ten^iaksre of 450 to 

75G*C and the hoidmg time of 1 to 1 0000 The tiirti pass simulating F WHT was given to same 
specimens. The c^nMtkms of the ifemi pass were varied iii tfie tempemtiire of 550 to TOG^C and the 
holding t&me of 60 W 1 000 s> 

The rate of cooling on thertnal ey^le adjusted by argon gas blow, GoGling time from S00 to 
9 s eorr^po&dmg to 1 ,0 kl/iBm of heat: input with 12,7 mmlMckness p 



SCO 

In feMw st&dses, crackmg occurred -in only the specimen with mot bead left Hitast^ hut never 
c&^n^d In Sense* More severe t©st was corisidemcl to be required 

in order to define the weMhsg o^rMJitkms mdiicmg IGSCG with smoothly machined speckaest 
bend test method basically aeeordi&g to ASIM G30 was selected for this evainatiof* because more 
l^&stio strain oould he indited to the specimen. In addition, more severe corrosion m^kmmmM was 
also selected &r the tests. The tests we^ oam^ oM m $% NaCI, pH 2 *S acpeous $ofotioii with 1 bar 
C0 2 at ^O^C fbr tfee lean gmde. And niora severe eo^ditiojis, pi 2,0 and I0Q**€ ? were selected for the 
high gmde. The p$f was adj lasted by BO addition The test duration was 1 68 h. 

After the so&ditipns md^faig se^Mzatson were deteonined by Unbend test method, other test 
methods, 4FB, SSIt 





» aj^me tests- were 



1 7. The specimens fer the tests were pref 
abmsive paper in order to remove scales formed during heat treatment Actual proof stress of base 

MFa for the lean grade airf 620 MPe for the liigh grade $^el ? wem applied to the 



specimens, 
and SENB tests 
dimension The 




wese as same m those m P-b^ad test The specimens for SSMT 
vmm prepared by MaeMnhig ®om serisM^d spe^met^s with Hisses and limns 



were 





at l&e strain mte of S:Cjkl 0" ^ee * in various 

^ fiS wasemnms^ 

to Ifeose in deiomzed water M same t^pera^ure. The other pnseedares were based on EFC 17. The 
SBMB {13] tests were carried oi^ ^ of 0,10 mm imder 

the same envfenme&Ss m used la "O-bmd test Average SGC length was determmed by measurement 
of five posi tions of the l ength between crack tips of SCC and intentional &tigue notch * 

tests are shown in Figure L 



Cross sectional tests were performed by optical microscope 

at 1 00-&Sd magtiiSoaticm to oheofc asy ora^k SBM obser^alions fer cross section and fi^emre sur&ce 
were 
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results mm 3mcummm 



Efifects of thermal cycle eorsdMo&s 



ware o&served m some 
cycles affer U-feend SSC tests. The wacks 





igure 2. It was therefore considered tii&i U^esid test ressosable method for evaloatiisg K3S0CL 

are plotted as a & 



The test resute for the ! 

holding tra of the secorni pass as shewn m Figure 3 %M 4, respectively. The eoaslitfens of tfea first 
oass is OOI^C Ibr I second. Micro sraok msaiis er&ek tfaat coisld : mt defected visually bast was 
detected by optical microscope at 100-fold iBaguiScstion, Far tW lean grade s$eel s cracks were 
recognized m tesBperat&ses of 550 to 7®CfC m& holding tiine of 1 to 25 s for the seco&d pass. Aik3 
crocks were also r©cog?aized m logger holding ttasa at lower tempemt&res. No crack oocuned ki 
1 m^er holding time at higher temp^BS^s or shorty holding time at lower te^emti^es , For the high 
grade steel, csacfcs were recognised m lower teii^emtures and more limited ecMditmt^ tfeaa the leasi 
grade steel However, behaviour of cracMng Ssr tfe feigfe gmde steel sho wed simitar tendency to that 
for fee lean grade steel 

Table 2 sliows comparison of U-beod tmt results under various eoviiB^menta! conditions 
between the high aad lm& 



? nr^-i m tne &ig& gmae steeB msaer tiie condition 
m the lean gmde. From these results, fee high gi 



of pH 2.5 arsd 70*0, under which er&ek occurred 
steei shows higher resistance to 

No crack occurred in 
without any fellowirig pass. 

Tfie effect of the first p&§§ fempemtwe was investigated by Bsi&g the high 
temf^mtiMe^ 

was 4S0*C for 180 s, that hM&ced to IGSGC m case of the first pass of IJCK^CI While &wsk& 
observed m the spectam i^ &e Srs$ pais pf 1300 isid l iOO^C, no crack was observed i& 



cycle of 130Q^C ibr 1 

steei 



of 



Effects of the third pass on the cmekmg behavior ware tested Tfae specimens of the high grade 



steel were s^^itized by the second pass of 45Q*G Wt 180 

"he results are shewn m 




I Ql 558 to 7 



s followed by the third pass of various 
gure 5. Mo ofEcfc was observed in any 
for 60 to 1000 s prevents IGSCC of the 



4 



steel It is soted that the 
b&sis of other properties such as hard&ess , ress 




to sumde 



M tormiii^ also ob 
l (SSC) m&tti&XL 





the h^m^^ ^^lBBCC of tfa^e materials is 




temped at gmisi boundary. Then, in erder to prove me ^ypomesss, 
speeimezi of the lean gmde steel was ki^^estig&ied. The sensitised conditions were i30O*C for I s for 
Srst pass sad 65<fC for 1 s for tfie secoild pass. Since fev^tigations with an optical miorosoope 

e cm the grain feonadaiY of fee se&sil 




mvesfeiatsons were c&mea ont 



view of emeked lean grade specimen after U~be&d test are sliowrv in Figure 6. 
propagates along prior a&stenite grain boimdMy and c&rhides precipitate al^g the gram 
bomdaiy inteiml^m%. TEM mlerogmph k shown fe Fipsre X Brior a^stmite grain temclasy with 
some caiftidas are observed. The oarhsdes ide&l^ The 
analysed ehromfesm Gcms^itr^tioB on the basis of Gr and Fe feksaiy qp^tilie&tian is also shown in 
Figure 7\ Chromissm depleted mnm are clearly ofeser^ed on the gram boimd&ry adfa&ent te? the 
esrbi&B, sM^m in. lines A m& The nnni^ Is estimated to around 9 

mass%. The width of Use depleted zone is about 1 0 to 15 nrn as Mf^valne width. For the semitibed 
hif^i grade specimen Sffi M l3{ im^tigatiom have not m fer reveled any clear earhide nor 
d^romium depletion Since the laan. : :a?i 'high grade steel showed similar tendeooy of emelcing 
hehayios; the melanism « supposed to fee sajsse in the two grades of steeh Finther investigation is 
required for a clear iiruierstarsdmg of the mechanism for the high grade steei 

The results of the SCC test support that ffiis ph^oin^osi is caused by c&rosrnum depletion 
accompanied by carbide p^ipitatson disring girth weldisig, Difibsion of chrasniim* wcmld e^splam the 
recovery S^m the s^snsltizMioti by ad^itimiai heat i&pist Figure S shows the av^age diSh^ion length 
of chromium in alpba-ieiTite. The results of SCJC tests for the lean grade steel m& also plotted in the 
The graph sho^vs fee I« grade steel would fee ssiisfed uife the conditions of the heat 



iog to the efcromiurn diffiisioft length of i to M nrn. In other words, chromium 

Bin was 




&ronn& prior 



is proposea Allows, 

I) , B e&irs welding* carbides are present m i>oth matrix and grain boundary owing to the km± 




2} After high tempemture heat pass, which is I 

is dissolved iMo austenite matri± Chfonii^m distrihutioa is also homqgmfeed m 
3) In esse that the lollowmg pass with sotne sp^ilie coBditioss after feigh tesBpersl 
applied, carbides re^preeipit^te alo^g prior austeaiie pk feoiMdary intefiriitten 
depleted zmm is iomied the to the earhides, 

4} E¥e§i though o&c^ s^itta^ 

is healed dsie M chmmium diSbsioo fom matrix. 
5} Therefee, sig^siti2atioB requires at least t^?o welding Basses, the ©ass for dksoliit! 

by the pass fer precipitstloB of carhide. 



stage. 

hmi pass is 
GhromiiirTi 
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$ method for IGSO 



The ttemal cycle conditions inducing sensiii^ffon were opufksied by tte U~beod SCC t&st$. 
various test methods wm tried by using sanitized specimens. The ttoml cycle zmMM&m 
for seasitiEstiosi wem ISOC^C &r 1 $ and &5G*C for I s- fer the leas grade a^d I300°G for 1 s and 
45CPC lor I SO s for the IxigE gmfe sle^. 

The experiment! conditions and results of tSse 4?® tests mm smmmximd in TaMe A AM 
s|>eeitrie^ for tte Cmck was observed in the sensitized specimen 

1 68 InsMessiofL It w sHmftf t&at IGSCC can fee detected fey 4I*B test using maehfead 




ng as 




tmmersea m severe 




h dimension of speennen would be one of tlie feetors, whksh affect on oracling 
woidd not be a necessary condition for IG 
ins ©xpei-iin^msj. wssumons and results of fee SSET tests are summarised in Table 5. 
str^s^&ain curves for tfee lean grade steel ai^ stm^ in Figure 9. l^m*m elongation is observed in the 
oonditions of hmm #$ or higher N&Ci eoncmM&n than in those of fairer pH or lower N&O 
concentration, f>egree oimmsMm^mi can Be evaluated ^iM&titativ^ly by SSK.T test 

the tests are summad^^ in Table 6, The 

of target ona SCC wi recofpized in the 
The average SCC length tor the lean grade 



^erinsesiSEl conditions and resells ^ 
sat CTCH5 waie Mfife Mi smaller 



steely wfeile no SCC in m 



was 2.7mm, 



results* it was 



ded that even $j 



£a& defect TG5GC 



by all four test SSET and SEHB i&sts as long as the specimen is 

sensitized and immersed is a severe eotrdsson enviroomsnt 



mmlar stress cosxosion etackisig (IGSCC) in heat affected zone (HAZ) was studied by 
using two gmdes :i Um m& high* of supmnartens^^ 
heMS&l cycle. Conclusions are sijmmari^d as fellows: 
I) IGSGC in HAZ for sn^ermM^nsitic stainless sf&el is 




rormom 



Ieiic% in other 



in boundary accompanied fay re^ptecspit&tion of 



Or 



* leted zones were reco 



-pass 



mm 



in the lean grade steel specimen 
cy cle. They w&re on pnm mm^m^M gram boundary ad^&eenl m carbide that precipitate on the 
gr&isi boundary. The minim™ concen&ation o^^ estimated to aroimd 9 mass%. 

The width o^^^ 

3) llmsensiika&cm the pass for dissolution of carbon followed 

by the pass for precipitation t>f earbid 

All ionr test me1&&is* XJ-ha&4 four point text sfow $mM mte teelmiqna PSMT) and smgle 

adge notch feessd pEHB| SCC testa, can deiact IO-SCC as long as speGimm is sifficiesitly 



sensiti^ecl and imniersad m a smm® corrosion e^vir^rim^l 



5) Th^na! c^cte 

and high grade steels, 



ctaeking were clarified fey U-heM SGC test for the 
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Time* t 3 (sec) 

FiGUEE - 5 Bflfe^ SC3C betevior 

for t&e Mgli gmcte stesl 
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Abstract: 

A martensitie stainless steel seamless 'pipe Jar 
Mnepipe izppimatwn, KL-MPil€R t hm Men demtoped 
With goodweldaMlify, mee^nicalpmfmties- atid .c&rro- 
sion resistances H&M&&iMtp is- ?&pmved\ reduction 
qf bor& C And M : ^omem< C reduction is dhe^ g^etive lf> 
the impmmmeni of C0 2 c&rrasmn resistance achieving 
■the corrosion mte less than ihl'27mm/y under ike €0 A 
environment el 10 G C and 2,0 MPa k eon he applied 
under the H^S envirphmem at pM4:0 and QMti $#P& t 
since, the resistance to stiifide stress' 'tmetrng : {S$€) is 
unpioved W. Mo addition Ihe pipe has XM-grade 
strength and sufficient -few tampemmre toughness far the 
■pmeiieal use as a Jinepipe. fiost weld he& treatment 
fPWHTj in a few mm tm r the m&uetimiofC content - and 
addition of 71 are effective fa prevent mtergmnuiar 
stress- eorms-mn mocking (lOSCC) at the heat 0ecied 
zone. Further application of ike pips- is expected for the 
trmsp&rtatim df product .Jfaa&'.iM&.ttrppsiife gas such 
as C£K, as an e.mnamiml material, with low We cycle 
cost 



Due to increasing concern about the depletion of oil 
resources, oil and gas wife are- being operated At ever^ 
higher temperatures and pressures, and the production 
Hind generally .contains making it mom ^corrosive, 
A«. : a:Tcsah v it.i : & important to prcv.mt C0 2 ©©Tro&ios for 
the pipelines called Oov^ines &nd gathsringtisias which. 
trmsp&zt the fhmi before eliminating eomw/O: sub- 
stances and water, Fnrtfr emigre, tbe.-p-liM' often contains 
trace amounts of H 2 %. measure? so prevent stn'iide 




tubular PfodsJcis :& Gassing Res. Be£t. 
;J3?s?. 5>te±t 



stress eraekirtg axe . : ali?o needs*! Under sneh cor- 

rosive environments, the conventional method of pre- 
venting corro&ioii Is to; use earhon steels m She lioeptpe 
materia! aM. to inhibitor into the fluid l K Cm- 

rosion prevention by a« jubibnor; however, increases 
the operating cost particulars m offshore pipelines, so 
inhibitors are being used less, pardeptaxly m view of 
the recent focus: on Tfffe cycle eosiL Another reason ibt 
not using inhibitors k concern ahont pollution caused 
by accidental leakage. Therefore, there is demand for an 
economical material for hneplpes that does not reqone 
an itiMlMtor. Bxisting eorrosion resistant alloys for 
Imepjpes: melnde dnpk^c ^tainless^fce}^^ bsit iheselsavo. 
drawhaeks of very high material -eosi, difBculry m eon- 
trollmg the weidin^: heat input, and excess antieerrosion 
action in rnany ease^ s even though the sto'e-k have exe^l- 
lent corrGsion resxstswitee . 

In comparison, jnarleoskk stainless steels generally 
show poor wddability. and require preheating and long 
post weldmg host ireatm^t .( : PWHT>. Consequently, 
rnartensine : .stainless; steels rarely' iis^d for pipelines : 
in view of pipe-laying ct&Cio&c^ ^overtheiess. mat- 
tensttie stainless steels have an appropriate level of CD 2 
eorrosion resistance, and are inexpensjve-oom pared, with, 
dnplex. stainless steels. 

With this b;aek : groon<l JFB Steel has nsed its exten- 
stve steel^alcjog technologies to improve the weM- 
abiiity of rnartensitse stainless steels by decreasing the 
G and .eonients,,an:d by control ling the adaed alloying 
elements,, ihm developing .a- tnartensittc stamless steei 
seamless oipe fpi linepipes offering excellent weldahil- 
iry and corrosion resistance. This paper deserihes the 
development and eha^eteristios of the .steel pipe , 
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$$Etf$tt&£^ Pipe fqr-i^cpip^ 



Tabid:- i Results of y-gmove crseksng teste f or low O * & marterts&C starless steels 





S-rajss. ^'i^dsng c^j^ot^; "G«nW: iftO ^ ^frags; 24-2$ \;. Speed, ,13*5 ffitn&ua 



2. Progress M Bev«l0pmeJ*t 

2 .1 Target Ctersctmstics 

Tke target ehar^t^$istic$-:. for . dc^iopment were, as 
listed below, 

(I) Weldabiliiy: Wbldmg wilhour preheating 

f 3) C0 2 corrosion- *e$is^nee: Kesismnee to; -a -corrosive 
em^rortmerii of S% NaCl : CGj partiai pressure of 3.0 
MPa, 15¥C 

(4) SS€ rasists^ce; Resistance to m emir^m»e»t of 6% 

NaO v 0.0pl MP^ H 5 ^pM:4,0 
i5) Strength: X80- grade {550 MPa or higher yield 

stfengdt(YS)) 
(6} Low ie3rn|jeratarc-toti^gbB«s$: 1 00 J or larger Charpy 

absorbed i«w at ™4jEFG 

2.2 Composition Design except 

The composition of the steel, pipe was designed, 
considering the. effects -of alloying elements in the mar* 
iehsitiC: stainless steel of? the wcldability, corrosion 
resi sl&nccs ftdt *worifcahjK £yv and other ebaracietissks..- 
Specifically, the j^rovement of weMability was staged 
biased: on. a compos ttion of KO- 13Cr (0,20e- 1 3Cr«O-0BK) 
for .O'CTG: for a CO5 environment, while maintaining, 
equivalent ' corrosion resistance in the base 'material. 
Prom the resists of the study concerning the effect of 
ersemieaf composition on the hot- workability and c&bsi: 
characteristics mentioned below, the eorripositlon of the 
Steel was uhimateiy determined to be -T2Cr~SNi-2Mo- 
0.0IH with .0.015% or less €, 

Since weldirig of r^arte^Si!lc stalrjkss steeds: tends 
to cause weld cracking, preh^tmg is applied to prevent; 
cracking m practice. Weld: cracking is tbavighi to be 
caused by hydrogen which is dissolved in the weld molar 
and d>£ neat affeeted sone: (B AZ) of ibe : weld and by the. 
hardening arid residual ssxess induced by the martensitic; 
transTnrmaUon at the JMZ J) : , Accordingly, m efle-etive 
means to provenl weld cracking,, from the rnaieria] side,: 



is to- decrease the € and N'" contents and hence suppress 
the hardening induced bv the mariensitic transformation, 
TaMe 1 : sh : ow;S:: thc ; : result of the y-groove weld cxackmg 
rest on low C 4- : ::N martensitic. stainless Steels^. Steel's 
containing 0.03% of € or N suffered weld cracking. 
Wbiie: : steels in which both the € and N cements ^re 
reduced to 0=101% did : not suiter weM. cracking, even at 
the preheating temperature of 3fP€- This result suggests 
that welding without preheating is possible only if the 
C and K: -contents are deer^ase^ to 0.0!%. IFB Siecl ha$: ; 
the steel niaking 1 echo olojgy to produce steels -with such 
low G and ¥■ level. 

2.2:2 CO* eorroslon resistance 

Redneuon : in the C conr.eiii also improves the CDs 
c-ofrosiOTS, res'i!Sta^C& Figure ! shows : rne- rcsntt of €C : 2 
corrosion tests, for martensftic: stainless steels having 
;var?:ons chemical compositions^. The corrosion mtes 
glym io ' ihe %ure show good correlation with the CQ 2 
corrosion indexes defined- by : Cr — 1 0C' '.2KL Tiie 
figure shows- tliat increasing the Cr' or Ki content and: 
decreasing the C content improve, the CQ 2 corrosion 
resistance. Hm irriproyernent is prcsumah'y because the 
reduction in the C cont^rjt decreases the amount of Gr 
CarhidCx thereby increasing the amount -of dissolved Cr 
which effectively prevents corrosion. 




^Savscntsitic Siaintess Steel Scara&ss Pipa .for L&Kgiipc 



a 



Adjust^ fry? oi.C<K)Ha 
ppS*©& "stress: 654 M?a 
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emu:-} My 
6;.& 4NM:Mo 

o, <t 5>Si-2Met 



2.5 



Fig. 2 Effects- of M and Mo ,orr 
0.G25G-1 SCr stesfe 



4.0 4,5' 

resistance of 



Since SSC m rrjartenjsitic; stainless '-steals begins 
from pitting, improving the resistance io pittmg 
improves rhe : SSO resistance. The Mlovitik- element 
molybdenum known to improve resistance to pit- 
ting. Figure .sfeo^w.s the effects . of Kl arid Mo q*i : the 
SS€ tesist&see^ As;eah be scexi, as hscrease Sin the Ni 
content Mom 4% to 5% mskes no .difference to the tent 
results-*- while mcre&smg the Mb content -from 1% £6:2% 
moves the boundary; of SSC occur renee toward low pJI 
and high H 2 S pari&I. pressure, or to severer environ- 
menm. This ph€&om£n<m mggmi% ibat adding ■ ■}% Mo 
is sufficient to ensure SSC resistaxsee :. rrjnder the environ- 
ment of 5% NsCf, 0.001 mH s S ; pH4,% which .'is the 
development target. Since, however, the resistance to pjt- 
dng at t h^MAZ may become Ip^er tham that of the fe^sc 
m&£en«d-^;. 2% Mo was added to the developed -materia! 
to secure sialic resistance to pitihsg. 



Tabtev? Chemical cornposirions pf ba&e m&t&l and 
we^o'irvg wires for girth walking 
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This ; eapter descr ibes the characteristics of the devel- 
oped steel j focusing on the results of tests on a scamkss 
steel pipe of 273 mm m outer diameter and ^$2.7 ;rnrn in 
wall mickness. A seamless: steel pipe was : manufactured 
with the sted having the chemical composition shown in 
&hle %.. which was then treated hv quenching and tem- 
pering to obtain &&' XS0 grade; jtfoduet, :Wkh- tfris prod- 
uct, and using 25€r duplex stainless steel as welding 
material a girth welded joint was prepared hy applying 
OTaW to the -first pass, and GMAW to the second pass. 
The chemieat cuvnposinons of the: respective wel^mg 
materials are given in laMe 2 y and the welding condi- 
tions aie given in 'Table 3 No preheating or PW 



$HT was 



given, 



3.1 Meeliaskal Proper ties 

TabSe 4 shows the results' o'f tensile tests. The 
strength of XSiO ;grade- was a!$SUrea\ and tl^e weided joint 
iTaotured. in the hsse metal, thus showing favorable 
cteaeteristies. FlgUre : ^^ - shows the. hardness distribu- 
tion of a cross section o f the wcld&d joint. As showrs . the 



Tabi.e; 4: Rosuh of feosife tests for tho welded join! and 

i' i ^ ^ 
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Distant ;{>o«i ■■asxtitsr- '(TSUri.)'- 
:3: Hardness d^stf Shot^on Irt the weeding jo^nt. 
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JFE TECH^CAI , SE?ORT ^ 7 (Jaa, 



Mamsi^iie Sfc&ttikss Steel Scocntess >Wi 



4(H? 



o 



-EC 




< xm r 



•40 



0 



maximurxs hardness at the H A Z is about B V33 (>, which' 
saxis^^ ihe target value of HVBSO or smaller Figure 4 
shows the resadt of Orarpy tests for the welded jomt. 
The: attained absorbed eoergy is ahoot 200 I even at 
--&0*C as well as at ~ 40-Q whjeh proves the exeelleiu: 
low femperciftsre toughness of the 



3.2 C0 2 Cormsi&n Resastasrtee 

The G0^ corrosion resistance was evaluated %- mea- 
suring weight joss- its ao irnrnersicn test ^nder an envi* 
rorunsnt of high temperature and high £G 2 partial pres- 
sitire. Fsg^re 5 shows trie test re&ults plotted against, the 
test temperature imd- CO a partial pre^iSre* The humeral 
given, to every plot .t$ the corrosion rate. Assuming 
that a corrosion rate of 0. 1 27 'mnsfy (5 mpy) is gefser- 
ally aeeephihfe as a sriiandaxd, the developed material is 
judged to be suitable under an ermmoment of 160- € 
and 2 0 MPa CO>. 

33 SSC Mcsklaxtee 

The SSC resistance at the welded jd&ttt was evalia- 
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Fjg.;5 GO s corrosion test results of the base metal 



GMAW without PWj-I T 
Gon«ia?rf load teusifc test 
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6 SSC test results of the weJded jmnt 

sted % a constant load tensile SSC test; The solution 
was aw: aqueaiis rsixture of S% : or 10% NaCI with 0.5% 
and the pH was adjusted in the range from 
3,5 to 5-0 usmg CH 5 CpONa. The test- gas: was a mixtan? 
of H^S at partial ^ess«r©s:'from -:G y 0{}.i to. 0 Q07 MPa with 
the balance of CO- to ..make the -total . presstire 0 1 MPa. 
The applied stress Was 567 MPa t which is eqnivalent 10 
9^% : of the .%B o f the base mater&L Fsgsire 6 shows: the 
test results plotted agaitist tfee pM ansi H 2 S partial pres- 
sure. As can he seen,, aithortgh :SSG oceurrcd at the HA2 r 
at oH3 ,5. no SSC oecurred nnder the tars.et etwirorimerlt 
of pli4 0 and H 2 S partial pressure of 0,001 MFa. 




Aoeotdijig to a recent paper > a lahorstory st 
fownd that sntergranular stress -eorrosioiv eraefeing: 
0<3:S£C) eecittrred at the girth weM of a sample having 
the: similar eornposttions to ihc developed, steel, erviier a 
hiah temperature- CO-, envlronrrient. In addition, an cither 
paper reported that gas leakage occurred due to IGSCC 
in an setual pipeline wing a material, free trorn Mo, 
having the similar - eorriposhtoos to the developed s£eeS% 

Some results of our fevestigat jons on the mechanism 
:of . this plienomenon : and on preventree -measntes^ . are- 
described below. 

4*1 Meelianlsssi M IGSCC G&nzmttm 

To. identify the. efreet .-of/ welding conditions on -the 
sensftizanon behavior, SCO tests we# eondueted using 
mm pies which were subjected to tv^o passes of 'to* 
lated- «ldirig ' ihemtal. :e^ele^ For conducting the tests; 
lifider severer eoBditi.ons^-. the; corrosive .emd.rots-ment was 
brought : to ; •. '-pH2.Q, and the U-ben:d test rriethod wbieb 
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Martejif^tic; Stainless Stocl S^srokss Pipe for Liftcpipe- 



5% NaP.pH2A 10O*£ 

i my e x i s 



Crack 
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100 1000 



Ftg.7 Re^tife of U-bend SOD teat's fqr simsjlafed HA2 

can apply larger • strains* >yas tt$$& FsgasrieT gives plots 
of SCC te&t rcs.a!ts under the /second- pa^s condit]^. like- 
figure shows :&at some of samples wftb the second 
thermal cycle -suffered: crocks. •• The •'s&rriptes . ^svh*ch were 
subjected only to the hrst pass did not buffet cracks. 

These results sirggest that the eaose of is as 

follows. When carbon, wter&h is dissolved undc? Mgb 
tmiperatore beat cycles* precipitates during the sub- 
sequent beat cycle ss- carbide at the gram boundary of 
prior~austernte x a C"r~tsepiet^d zone forms in the vicinity 
of the carbide at the grain bound^rv:, thereby &ensit.i2ing 
the material 

Since TO SCC 'M presumably caused by the Gr- 
deplefton 26?*^ -poietlti&l methods to prevent IGSCG 
Include psrt^rrntng: •£ WHT to- diffuse & for reeovermg 
from €r depletion^ and estaMisbing /very low £ content 
m-d to add Ti for suppresstng the precipitation of Gr: car- 



lo cqMrm the eiSeet of a: material contain- 

mz 3 00 npm of C was sensitised bv two parses of hear 
cyeles*. followed' by a third pass of beat eye^es under vat- 
ious conditions, "thus prepared sain pies weie evaluated 
by the li-hend SCC test similar to that described above. 

The results arc shown m Fte --.8, -As sftGWiix tne .sensitized. 

■ ■ ■ - • ... 

sampled M$ not suffer crackis afer heating to a tetn~ 
per&tnre range irom 5 50" C to; 70£r € for several minutes. 
This effect -Ayas probably because the oeat treaimsni 
is:nsctorslv enhances Gr diffusion, thus dmtfrnshjtag the 



Gf^depleted zone, IOSCC wfU be :preveriss4 by applying 
PWfTT for a short tinie. within several minutes, which 
<locs not gni -IS can tly hinder fhe efSct eney of practical 
pipe-laying. 

To eo^firrn tne erYeet of reduction in C content ;and 
addition of Ti> tnaterials wrtli varions C and Ti eontents 
were evaluated. With the samples treated by a beat cycle 
of 450^0 for I BOG s, a condition that easily induces 
sensitization, a U -bend SCO test similar to that applied 
beftJre was per formed v As a severer i est condition, s-am- 
ples wbieb 'nM a: notch of stress concentration factor 4 
at the U-bend section were separately tested, Figure 9 

0.1 W!> 2 C<x, imh - 
Ccf>rr£e«t; 1:00 ^isss j>p?^ 

450 ,: "C x ] 80 s 



w 
-J ■ 

** 

is 




10 too 



to 000 



Fig, 8 EffeciS of thermal cycle conditions after s&nsit&a* 
on SCO behavior 
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Fig. S Erfects of G and Ti on SCO test results. 



Miirieosiiie ■■$tysak&$\ Stmt SmmXssi Pipe for Ltsi^pc 



shows $fte SCC test results arranged by the C and Ti con- 
tents. The &gttre shown sKM 'rediietlan. m G content and 
addition of Ti suppress the cracks. This is |>restirnabJy. 
beeaiise the suppression of trissoived G dtmrvg welding 
and the conversi o*r to Ti carbide suppress the preeip^ta- 
ilon of Or carbide which causes Ct depledoh. Ilser©f<>r^ 5 
rc^etiou b € eositeni md addition of Ti are emotive 
ways, of improving the resistance- of the : : .rnateri.al to 
TOSCCI, 

This paper described the development a;3d claracr 
isnsflcs of '"a searrdess steel nipe-roade of ^arteiisitie 
stainless steel for ilnepipes:, havmg Improved we^dabi! - 
■*ty. The weMaBiliiy of the steel pipe has been improved: 
by decreasing: the G at*d H contents, an:d>the: excellent • 
nieeihanical properties and corrosion, resistantce have 
been achieved by the optimization of other alloying e*e- 
merits. 

The ma* or oharaeteT3,§?ios of ^the^^--"^ ^^^.^!^: 

(1) The steel has: -excellent weldafeiHty free ft'om weld 
tracking even witho&it preheating. 

(2) The steel-. has grade strength aod !ow tempera- 
ture tongrosess of -2W.-J or. larger dharpy absorbed, 
energy at — 40 C C 

(3) The steel rtas excellent CO:, corrosion resistance, 
saving- 0, 127 mm& or dialler eorrosion rate noder an 
environment of 16<rC and 2.0 MPaCO ? 

(4) The steel has excellent S'SC. resistance under ari 
cm^roanxent ,6f pM4.0 and H ; S parriai pressure of 
0,001 MPa. 

(5> Intergranrsiar stress corrosion craekmg is prevented 
by a short period (several mi&dtes) of FWi3*E Reduc- 



tion in C content and addition of T? are etTeotrve to 
improve tbe IGSCC resistance of the material 
Since the material has esceOent weMabiluy, tneeban- 
teal properties, and corrosion resisranee, its application 
to pipelines transoorting prodoction fluid containing 
corrosive gases soeh as C0 2 is expeete4 to be expanded 
as an economical triateria! with a low life cycle cost 
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i&m^x^m^ Steel i^es^^i £^te?§ 
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1^ ean*« m^t^ite s»fe s ^ ea« s^martensltic stawi^s st^ls (SMSS). Urn 
^^f:^^mmmmm^. tmm&mm^mm m md gm> Ba«e^ miaap^* stress 

tm?m cm*km *mm) m:^^^ mm0,mrm :%*»»»•» mmt msusm Ma&. a 

aeu?fe& The msst sasc^feas rfW is >««n^iitm ^feaion en s^la boyadary because it 
is <mwf m |M* SMSS, prt^fea Ho****, isei&er <£&tetkm nor 

»^*ers i, iMKfsr s« ceiuafes^. M onfes- so clar# &e m^gemm.. is fesgfe g®£e steel effects 
ot «m«d ^ eom^^Btsi on IGSCC t^sigase were im^iia&& Smmiatssd -^H&SdE ssj$slss«as 
y&*s©sjs contests of #*mssil cycles were mm M hoimB mmmmmm by U-feend SCC fcssi the 
T*? msm ^ shewed tfm retail of ai&m m& M®m* ®imm^ are effective to «prove tise 
K«*Jme*-ft? |@8G& Bo& would inhibit fcmt etajstes csWjfels feat caw to ebs^mm 
^lessen, s OTlbm ^suiipsfe ^ in km iP^e §MSS is sfe^y^ 

S 5 . as m lesss grade. 





m ^ °* tte-«afl«w^) smd are not -t^e&s^ e^io^ ^ the A^odaiioa, ftfeMfa ^V$X 
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tes t resuks Jbr s teels mik various eostsnt of € mi Ti 



jso Ti addition are plotted as a 
as show*? m Figure 3, The conditions of 



The remits of tfse S€G tests is? ih& $8 p$?i?t of C and 

spesstom smd holding #ots of thesecesips 
IJJ Si ffL^ L * ^^S«6piwW w tepemtures of 450 to 550 «C and 

: «S7SEJii«^^?* W ^^.^^s^^SttBttt M logger hofdina 

S ^? &! T S tem F*^ W^m 4 mm ^m imt tmms for &e $*eo! vm 70 #m 
o. c aBo no Tx addafco^ Cracks m the sseol oeeto&d m« feitasl coikSMoss m&mm cvcfe than 
those m the sieel with W.pptiivfC.. figure S #®w$ t&e lest tes&ksi far *s*»i «^ ^ ^ J 

T :1 *7f* titm ' ; ^ c ® t ^» My eyefo Sottas tested, Thsrete k was 

m^> m *m mm ^mu^ms of 4$® %. for f ©08 s for tfee s^ond pass of thermal evc le, Am ctaefc was 

not re<»em:se-a sn toe other itie?****! ^^l»>^»i*«tt*w«* -? *t*„ * % .» ". < 

0 090 *f 0 f ^ % ■ J**£2Z • * s f*^i &hm ^ *e test remits «*4§te*«sdl with 

~^Beat^ 

a***Mte of V^m mm teeion of € and ft**** in 8. Si nce the 

*eeoisa pass cosmte as sosceptWI% to ISiec ssemad to M4M <C Ibt tM or 1000 s 
,. . . >. test n^ts as ^kwa-.m I%er<* 4 : sM 4>>1t*m o©adSfSon* w**- e 
evsteoa. Motsevet, some li-bemf tesiS wss© oosdaetsd with a esoMs for 
ooB&tson. Oc^jjr#tise ^ |^^^ % *;fedoete«f€ or a^Moss of £ 

SCe lest mafcs tgRfe wdsus oo^fearoe^ oo?idibas 
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